Ronald Sydney Nyholm was the fourth in a family of six children. They lived in Broken Hill, N.S.W., the father (Eric Edward Nyholm 1878-1932) having settled there as a railway guard after a varied earlier life that in cluded many years in the Australian outback. Eric Nyholm, though a rough diamond, provided a secure background for his family. Their mother (nee Gertrude M ary Woods) was seven years younger. She held closely to religious values which were passed on to her children. The parents were both born in Adelaide. The paternal grandfather Erik Nyholm (1850-1887) had migrated to Adelaide in 1873 as a young man. He was a coppersmith, born in Nykaleby, Finland. Ronald particularly valued this Finnish con nexion and he took great pleasure in his election in 1959 as a Corresponding Member of the Finnish Chemical Society.
Broken Hill is a mining town. Streets have the names of minerals, metals and acid radicals. A meeting point at 'Cobalt Sulphide' is specified as if by map reference. The young Nyholm's schooling in Broken Hill is typical of much of education in Australia at that time; adequate without claim to distinction and with a bias to the useful rather than the cultural. Coming from a family in which education was respected, he drew the best from it, taking into later life a liking for literature and history as well as a grounding in the natural sciences. As a young child he was not strong and his start at primary school was delayed a year. He soon showed his quality. In 1929 he entered Broken Hill High School with a bursary, and he was 'dux' in 1933. An elder brother notes that in the High School he developed under the inter est and stimulus of the chemistry teacher, M r Norman Marks, an 'almost 446 fanatical interest' in the chemistry laboratory. The award of a Public Exhibition enabled him to enter the University of Sydney in 1934, in the Faculty of Science. His father had died in 1932, and the family links with Broken Hill were no longer strong. Ronald set up house in Sydney, and was later joined by his mother, his younger brother Allan, and his sister Roma.
His first contact with higher standards of learning and with superior teachers came as a shock that excited and pleased him. Broken Hill had been provincial and orthodox and his family held to strict standards. The Uni versity of Sydney at that time was alight with more liberal views. Its Challis Professor of Philosophy, John Anderson, had attracted the unfavourable attentions of the State legislature, and, to a degree, of the University Senate, by his public expressions on morals and religion. To the student the com bination of the challenge to dogma and the challenge to authority was ir resistible and Anderson was at once the folk hero and the enfant terrible. Nyholm, like many of the intellectually adventurous spirits among his contemporaries felt the eroding influence of Anderson's doctrines on hitherto unexamined beliefs. He often acknowledged his debt to the Socratic element in Anderson's teaching, and although he had no personal contact with him, nor made any formal study of philosophy, his attachment to the orthodoxies of his youth was permanently weakened.
Chemistry in Sydney was under Charles Edward Fawsitt (1878-1960) Professor since the early years of the century, and a pupil of Ostwald. Fawsitt had his idiosyncracies (one being to boil the coins he received to fend off infection) but he was respected, and although no longer doing original work, he insisted on research ability in the staff he appointed, and contributed to a climate that kept research to the fore within the department. Among the staff were two of the three men whom Nyholm later saw as major influences. Thomas Iredale (1898-1971) taught him thermodynamics, which became the theoretical tool he used to greatest advantage, and George Joseph Burrows (1888-1950) introduced him to the coordination chemistry of the simple organic arsines. Burrows was a most skilful experimental chemist whose interest in the chemistry of arsenic derived at one remove from Sir William Jackson Pope, F.R.S.
{O bit.N ot. R. So his researches in Cambridge on arsenicals as war gases in the first world war. The link was Eustace Ebenezer Turner, F.R.S. (Biogr. Mems Fellows R. Soc. Lond. 1968, 14, 449) who, after working with Pope, was in Sydney from [1919] [1920] [1921] and in that period formed a productive working partnership with Burrows, in which they succeeded for the first time in demonstrating optical activity in an arsonium salt. Dr F. G. Mann, F.R.S. writes of this period 'During the first world war, the Germans started to use shells contain ing phenylarsonic acid, PhAsO(OH)2, diphenylarsinous chloride Ph2AsCl, and (apparently to a lesser extent) phenylarsonous dichloride, PhAsCl2. Professor W. J. Pope (later, Sir William Pope) was a member of the Chemical Warfare Committee, and started an investigation on the preparation and properties of these compounds; for this purpose he enlisted the services of
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The end of the Pacific war in 1945 freed restrictions on overseas travel and the flow of young scientists from Australia seeking overseas experience was resumed and strengthened. The Imperial Chemical Industries Fellowships scheme had been announced and friends and contemporaries of Nyholm in Sydney had been appointed. He was encouraged by them to apply to Uni versity College London and he joined the William Ramsay and Ralph Forster Laboratories as an I.C .I. Fellow in 1947. The work of the laboratories had been moved from London during the war and on the return, numbers were few and the buildings old and dreary. Christopher Kelk Ingold, F.R.S. (whose biographical memoir appears in this volume, p. 349) was re-building the permanent staff and appointing postdoctoral workers, and the I.C .I. Fellowships played a notable part in enabling them to be supported. His great reputation as a scientist drew many of those who had been unable to travel abroad for higher experience during the war. Ingold encouraged Nyholm and the other new arrivals to develop their own lines of work and did not attempt to draw them into the mainstream of the department's massive effort in mechanistic studies of organic reactions. Nyholm was perhaps less influenced by Ingold than the others, but he responded to the intense activity in the department and to the stimulating atmosphere by broadening his own attack on coordination chemistry.
Interest in the organic arsenicals promoted by Pope's work in the first world war had been continued through a second and famous line of descent through Frederick George Mann, F.R.S. who, like Turner, had been a colleague of Pope. Dr Mann writes 'After the Lewisite work (1922), I left arsenic for several years to investigate the coordination compounds formed by various novel aliphatic polyamines, which proved a very fruitful field of work. These were the years when Sidgwick was exploring the nature and occurrence of the "coordination link" , and brought me back to arsenic' .... 'The link in reasonably simple complex metallic compounds, which Sidgwick termed the coordinate link, was interpreted by Sugden-on rather shallow evidence-as a singlet link. I therefore sought a series of such compounds, with the object of measuring their parachors, and then subtracting the sum of the known additive parachors of the constituent atoms, except that of the central metallic atom which was unknown. The difference should represent the parachor of this metallic atom plus that of the coordinate links present. This however required complexes that would melt without decomposition, so that the surface tension could be measured by the bubble method. After much searching, I hit upon aliphatic tertiary phosphines (and arsines) which gave simple complexes of the type [(R3P)2PdX 2], palladium(II) being selected rather than platinum(II) to avoid the complication of cis-trans isomerism. These complexes, when treated with another molecule of the palladium dihalide gave 'bridged' complexes of the type [R3P, PdX 2] 2. With the aid of a young research student, Dr D. Purdie, we made homologous series of both these types of complex, with various halogen atoms (X2 ).... In 1937 another research student, Joseph Chatt had joined me, and . . .
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we synthesized a novel diarsine o-phenylenebis(dimethylarsine) (A) (J. M ann's pupil, Joseph C hatt (later F.R.S.), met Nyholm in 1948, so bringing together the two strands of research running back to Pope. The meeting was important. Although Nyholm would have known of the coordinating ability of the diarsine (A) from Chatt and M ann's paper, he was now led to see its possibilities, later brilliantly exploited, in his own work. The event is described by Professor C hatt: 'The use of the famous diarsine arose in the following way. Ferric chloride was known to be a dimer with halogen bridges in the gas phase. Ron Nyholm wished to retain the halogen bridge in complex compounds soluble in organic solvents. He thought that if he could attach two tertiary arsine molecules to each iron atom so completing the coordination number of six, he would get halogen-bridged dimeric species [{FeCl3(AsR3)2}2]. He did not obtain them however, and he thought that one molecule of the arsine was dissociating from each ion atom, but if it could be held there the dimer would probably be stabilized. As I had been using the diarsine with F. G. Mann, I suggested that Nyholm should try it and showed him how to make it, which was then a long synthesis requiring a lot of care. When he tried it, he again did not get his dimer, but he obtained salts having apparently two molecules of the diarsine on one iron atom. He tried nickel and similarly obtained salts, but these were more easily charac terized. They were oxidized by air to give trivalent nickel, and on further oxidation tetravalent nickel complexes. Trivalent nickel complexes were not then new, K. A. Jensen having prepared some with triethyl phosphine some years previously, but the ready preparation of trivalent and tetravalent nickel complexes which were stable and suitable for the study of their magnetic properties set Nyholm into the general study of unusual oxidation states, stabilized by that particular diarsine. Its use for this work however, was entirely a matter of chance arising from the fact that he and I met together at the time when he was trying to stabilize the bridged ferric iron derivatives. Incidentally the bridged iron complexes have not, even now, been realized.' Before the end of Nyholm's I.C .I. Fellowship, Ingold put him on the staff as lecturer, but soon after, in 1951, he accepted an appointment as Associate Professor of Inorganic Chemistry in the University of New South Wales, a new foundation developed from the Sydney lechnical College. Thus Nyholm on his return found himself in the company of many earlier colleagues, but now in a much strengthened department with Albert Ernest Alexander as Head. For the first time he was in a position of real authority. He was tireless in pressing the claims of inorganic chemistry as a reviving discipline and as a vehicle for the testing of the newer theories of the chemical bond by the preparation and study of coordination compounds of transition metals. In the first year of his new appointment he was awarded the Corday Morgan Medal and Prize of the Chemical Society. He began in this period to give time to scientific public affairs and, in 1954, became President of the Royal Society of N.S.W.; it was the first of many such offices.
The break in connexion with University College London was short. Ingold had not concealed his ambition to get Nyholm back. In 1955 he had cleared the way to offer him a Chair, and by the end of that year Nyholm was again established in University College and had begun to work for the conditions that he believed essential to the new inorganic chemistry. His conviction was that progress lay in the systematic exploitation of physical methods for the study of structure and properties. The implication was that the scale of instrumentation for inorganic chemistry had to be massively increased, and he set about the tasks of persuasion and money-raising with vigorous optimism. The means had to be found from sources outside normal university funding, from the research councils and from industry. Nyholm brought to these activities truly remarkable personal qualities which, in certain facets of his career, were to be of more importance than his technical skills as a scientist. He had warmth, sympathy, humour, great kindness and vitality. He had star quality, which made him in any sort of gathering a nucleus of jovial discussion and argument, and above all he had reserves of energy seemingly without limit. Lord Annan, Provost of University College, said at the Memorial Service 'Ron Nyholm never entered a room, he bubbled into it and exploded into good fellowship, mirth and happiness. He was a life enhancer. There are great scientists, and I do not think the worse of them, who are silent, retiring, cool and judicious. Nyholm was not one of them. Wherever he was, he raised the temperature. But he raised it, not with pugnacious self-assertiveness, but with bonhomie, good sense and enthusiasm.' Such attributes, combined with rising scientific eminence, opened many doors. Much could be accomplished in the wider fields of scientific affairs. Nyholm, once convinced of the rightness of a cause, would turn himself into an advocate for it. Personal conviction and advocacy seemed to go to gether.
Ingold had begun to prepare for the succession of 1963 and Nyholm was appointed to fill the place. The need to find a second successor in so short a time was unexpected but Nyholm was the man of the hour whose elevation was seen as entirely appropriate. He was already distinguished, and enjoyed the confidence of his colleagues. Moreover, as an inorganic chemist, and manifestly a leader in the newer thinking in that subject, he powerfully reinforced the trend towards inorganic studies already evident in other major chemistry schools. It had been a feature of the Chemistry Department that the divisions of activity in the subject into organic, physical and inorganic chemistry had never been allowed to harden into administrative barriers. All appointments, for example, had been made to lectureships in chemistry, without qualification. Nyholm continued to foster this unity and developed it by encouraging borderline researches in the work of his immediate collaborators and in the other departmental groups.
Nyholm brought to the Headship of the Department of Chemistry a style quite different from that of Ingold. Ingold had advanced the standing of the department by building a very large research effort in the fields of his own research interests, which included broad areas of both organic and physical chemistry. He had not put much into any outside activities, except the Chemical Society of which he became President. E. D. Hughes, following Ingold, continued the pattern during his short period as Head. Nyholm advanced the departmental interest differently by looking to the external rather than the internal aspects. He associated the department with his own work in the Science Research Council, the Chemical Society and in the movement towards improved chemical education. He dealt with the growing administrative burden within the department by a comprehensive scheme of delegation of authority to other senior members, and looked to an increasing assistance from departmental administrative officers. In the same spirit of emphasis on the external relations of the department, Nyholm developed im portant international links on both the personal and official levels.
In 1967 Nyholm was created Knight Bachelor for services to science. He received many distinguished awards of learned societies (separately listed at the end of this Memoir) and was greatly in demand for public scientific offices. In 1961 he was Tilden Lecturer and, in 1967, Liversidge Lecturer of the Chemical Society. He became President of the Chemical Society in 1968.
In that Office he saw amalgamation achieved between the Chemical Society, the Faraday Society, the Royal Institute of Chemistry, and the Society for Analytical Chemistry. Moves towards amalgamation had a long history, and and his role as President was to promote the final act. The gestation had been long and the birth of the new chemical body was not easy. Nyholm saw it through with typical flair, urging it forward in innumerable private discussions and formal meetings. His Presidency was marked by other innovations, of which perhaps the outstanding was the institution of a new series of Chemical Society Awards, which he first proposed, and then made possible in a financial sense by persuading industrial firms to give sponsorship.
Soon after his return to University College from Australia, in the course of his campaign to secure for the Department of Chemistry the most modern equipment and instruments, he had been in frequent contact with the D.S.I.R. and was soon drawn into its workings. He was a member of the D.S.I.R. Chemistry Committee from [1961] [1962] [1963] [1964] An important part of Nyholm's work was the preparation of stable compounds in which a transition metal is in a valence state previously believed to be unstable. The first example in his work appeared in a paper with F. P. Dwyer (26)* in which they reported the isolation of a complex of quadrivalent rhodium. Rhodium(IV) had been supposed to exist in the green hydrated oxide obtained impure by passing chlorine into a solution of sodium hexachlororhodate(III) in the presence of excess sodium hydroxide, but the compound was poorly characterized. There was also evidence of the existence of quadrivalent and hexavalent rhodium in solution in redox systems, but again no properly characterized solid compound had been obtained. The redox potential of the trivalent-quadrivalent couple had been estimated at -(-1.40 volts, a value so large as to suggest that any complexes of quadrivalent rhodium containing halogens, with the exception of fluorine, would be highly unstable in aqueous solution. Noting that the least soluble complex of quadrivalent rhodium would be the most stable, Dwyer and Nyholm first prepared caesium hexachlororhodate(III). The choice was suggested by the fact that caesium hexahalogen complexes of the platinum metals are among the least soluble. The complex was then oxidized with ceric nitrate in dilute nitric acid to give the green insoluble rhodium (III) complex Cs2R hC l6.
In the many following preparations of compounds having unusual valence states a variety of strategies was employed. The central idea of * The arabic numbers in parentheses refer to the numbered entries in the Bibliography at the end of this Memoir.
complexing or chelating a metal in order to stabilize an oxidation state was at first based on thermodynamic arguments and the redox potential. But Nyholm realized that by no means all the interesting cases could be dealt with in this way. A compound could be thermodynamically unstable and yet inert, and arguments depending on ionic equilibria failed in the large class of neutral complexes. In an im portant review paper (161) Nyholm, with Professor M. L. Tobe, analysed the stabilization of oxidation states in the main types of transition metal complexes. He noted that the term 'unusual valence state' was no longer appropriate saying 'the definition of usual oxidation state refers to oxidation states that are stable in environments made up of those chemical species that were common in classical inorganic compounds, e.g., oxides, water and other simple oxygen donors, the halogens, excluding fluorine and sulphur. Nowadays however such species constitute only a minority of the vast number of donor atoms and ligands that can be attached to metal, so that such a definition of normality has historical, but not chemical significance. ' The preparation of a compound in a given valence state often depended on the ability of particular chelating groups to change the redox potential of the corresponding complex ions in a sense favourable to the stabilization of the desired state. Among the chelating ligands, Nyholm identified o-phenylenebisdimethylarsine (A) ('diarsine'), first described by J . Chatt and F. G. M ann (J. Chem (62) . In this example, as in that of trivalent nickel, the oxidation state was identified by measurement of the magnetic moment, with reliance on Pauling's work on the interpretation of paramagnetic moments, allied to the study of later case histories and improved understanding of correcting terms for orbital contributions to the moment.
Although high coordination numbers were known in the heavy elements, they had not been identified in elements of the first transition series, and this situation had been rationalized on the ground that these elements were too small to accommodate seven and eight covalencies. 
I norganic stereochem istry
In his inaugural address (63, 76) Nyholm had said: 'Those of us who were familiar with the state of inorganic chemistry in universities twenty to thirty years ago will recall that at that time it was widely regarded as a dull and uninteresting part of the undergraduate course. Usually, it was taught almost entirely in the early years of the course and then chiefly as a collection of largely unconnected facts. On the whole, students concluded that, apart from some relationships dependent upon the Periodic Table, there was no system in inorganic chemistry comparable with that to be found in organic chemistry, and none of the rigour and logic which characterized physical chemistry. It was widely believed that the opportunities for research in inorganic chemistry were few, and that in any case the problems were dull and uninspiring; as a result, relatively few people specialized in this subject. . . . So long as inorganic chemistry is regarded, as in years gone by, as consisting simply of the preparation and analysis of elements and com pounds, its lack of appeal is only to be expected. This stage is now past and for the purposes of our discussion we shall define inorganic chemistry today as the integrated study of the formation, composition, structure and reactions of the chemical elements and their compounds, excepting most of those of carbon.' This passage contains much that was central to his approach to research. The theme that inorganic chemistry lacked a system, in the sense in which organic chemistry is systematic, is one to which he continually returned in his papers and lectures. It explains why, in retrospect, his contributions to the subject are seen to be more in the direction of establish ing systematic connexions between the properties of series of compounds of related series of metals, than in striking advances in the chemistry of in dividual compounds, or even series of compounds. There were some such advances, as has already been indicated, particularly in the chemistry of new or less common oxidation states of the transition elements, but the more im portant part of his work is in bringing out general features and relationships that enable wide areas of inorganic chemistry to be rationalized.
An im portant example is described in the review (78) To this im portant statement, Nyholm and Gillespie added a refinement allowing deviations from the regular shapes to be brought within the theory. They wrote, 'This simple theory can be considerably improved qualitatively by assuming that electrostatic repulsions between the electron pairs in a valency shell decrease in the order: lone-pair-lone-pair > lone-pair-bondpair > bond-pair-bond-pair. This can be understood by picturing the lone pairs as being closer to the nucleus than the bonding pairs, which may be imagined pulled out to some extent by the other nucleus with which they are forming a bond. Thus the lone pairs will be closer to each other than the bonding pairs and so will repel each other more strongly. This assumption enables one to give a qualitatively correct account of the decrease of the bond angles in a series such as methane, ammonia, and water and to understand better the shapes of those molecules that could not be predicted unambiguously (i.e., from the Sidgwick-Powell rule).' The central idea is that the bonds formed by a central atom lie in directions for which the electron repulsions are minimized, and the amplified rule allowed a very great deal of structural information to be analysed and rationalized. Since much of the structural data applied to elements of the second and later rows of the Periodic Table, in which elements such as sulphur and phosphorus form variable numbers of bonds, the tests of the theory that could be applied were stringent and the Nyholm-Gillespie paper established that, with few exceptions, the gross stereochemical character of the molecule could be understood. In these terms the non-linear character of sulphur dioxide was to be understood as the structure which minimized the total repulsive interactions between the bonding electrons to the oxygen atoms and the interactions involving lone-pair electrons with themselves and with the bonding electrons. In similar terms the non-planar structure of SF4 was favoured because in the non-planar structure the lone pair occupied an orbital in which the electrons were, on the average, further removed from the bonding electrons to the fluorine atoms than in a planar structure. The finer details, for example, in the precise angular relations between the direc tions of the bonds, could not be treated in these ways and such problems are, even now, not properly solved by molecular quantum mechanics.
In transition metal complexes, problems of stereochemistry and structure are less easily separated because the preferred stereochemistry depends on the nature of the ligands attached to the metal as well as on their number. Nyholm's interest in the structure and stereochemistry of complexes and on the dependence of stereochemistry on structure was a principal motive in his many papers on the preparation of new types of complex and the exploration of the properties of new ligands. These problems were often in sight when he referred to the 'purposeful' preparation of new complexes. References are to be found in many of the original papers on new preparations, but the definitive and comprehensive statement was given in his Tilden Lecture (123) of 1961. This was a notable advance in systematizing and, in the best sense of the word, popularizing the considerations which, when applied to all members of the first, second and third series of transition metals, brought many aspects into an orderly pattern. The span of the lecture was described as 'Taking a wide view of structure, one is interested in the value of, and the correlation between, the following: (a) oxidation state; (b) coordination number; (c) stereochemistry of the metal atom (and much less frequently, molecular conformation); (d) nature of the bonds.' The bases of the in terpretations he gave were electron configuration, atomic energy levels, bond energies, atomic promotion energies and the primitive experimental data of ionization potentials and electron affinities. It was characteristic that the weight of the argument was placed on easily accessible experimental data and easily visualizable theoretical ideas such as the effective nuclear charge acting on an electron in an atom, and the attractive force of the nucleus acting upon the valence electron given by a /r m2, where is the effective nuclear charge and rm the most probable distance of the electron from the nucleus. Nyholm never proposed that one could construct explana tions in terms of these simple quantities for the structures and stabilities of complex compounds. His method was to look for correlations among the properties of complexes, both horizontally and vertically, throughout the transition metal series, and then to set these correlations against correspond ing changes of ionization potentials and the other quantities. The correlations themselves were the im portant part of this analysis, and in many cases drew attention to gaps and anomalies. Thus in discussing metal-metal bonding, he noted the ease with which metals with the configuration d10s1 form metalmetal bonds, as in copper-copper, silver-silver and gold-gold, and using the isoelectronic principle, he commented, 'The oxidation states involving a d10 configuration wherein one might expect metal-metal bonds, include uni negative nickel, palladium and platinum, neutral copper, silver and gold; unipositive zinc, cadmium and mercury and bipositive gallium, indium and thallium, and tripositive germanium, tin and lead. Examples of many of these are available.' Then looking for the gaps suggested by these relation ships, 'No definite examples of compounds with thallium-thallium bonds appear to be available and the non-existence of zinc-zinc or cadmiumcadmium bonds similar to those in unipositive mercury is of interest; this seems to be connected with the greater electron affinity and/or ionization potential in the third row. Thus the isoelectronic gold compound Au2 is more stable than the light Cu2 or Ag2 molecules.' Such efforts at systematiza tion and generalization in the broad field of inorganic chemistry, at an un sophisticated theoretical level, were novel and arresting and pointed the way to new areas of attempted synthesis and structural investigation. The Tilden Lecture remains a source of interest and stimulus to inorganic chemists a decade after its publication.
Ronald Sydney

M a g n eto ch em istry
Just as Nyholm showed that the properties of individual transition metals and of their complexes could be illuminated by a comparative and systematic examination of similar classes of complexes over a wide range of metals, so too he advocated that the widest possible range of physical methods of investigation was demanded if complexes were to be properly character ized. Conclusions as to structure had, in all too many cases in the literature, been based simply on the analytical figures or on analysis supplemented by physical measurements of uncertain interpretation, such as the electric dipole moment. The desire for watertight structural and stereochemical assignments led Nyholm into a variety of physical techniques. His interest in physical chemistry in its own right as a theoretical discipline was not pro found, except perhaps in thermodynamics. He took the view that physical methods were services to be brought in to advance knowledge of inorganic chemistry. In early work with Dwyer (26) the redox potential was measured with the help of potentiometric titrations to establish the oxidation state. They had also used electrical conductivity as a guide to the nature of the charged species within which the coordinated transition metal was contained. Later, when X-ray crystallographic methods became available to a degree more and more approaching that of a standard laboratory routine, Nyholm used them in a series of fruitful collaborative enterprises (125, 126, 141, 102 , 258, 261, 259, 275, 273). He also used n.m.r. spectroscopy (180). Among all the methods, the measurement of magnetic moment was the one on which Nyholm placed most emphasis, and that in which he advanced the method itself. Here the connexion between electronic structure, chemical structure and stereochemistry was closest, and it had seemed in the early 40s, following Van Vleck ( York, 1939) that if values of the susceptibility and the effective magnetic moment could be sufficiently characterized in particular examples, a measurement made on a new complex of known chemical composition could give an almost certain indication of the electronic structure, bond type and stereochemistry. In numerous original papers and reviews, Nyholm sought to approach these objectives, and the crystal field theory, developed in the early 1950s, was a further rationalization of the framework within which measurements of magnetism would have value.
Electric and magnetic s u s c e p t i b i l i t i e s
In the earlier period, the position had seemed to be that the influence of molecule formation on the magnetism of a free ion was to reduce the free ion value of magnetic moment towards the value characteristic of the spin magnetism alone by an amount that depended on the bond type (i.e., whether 'covalent' or 'ionic') and the number and stereochemical arrange ment of the ligands. A diamagnetic complex of bivalent nickel could be identified as bound to its ligands by four covalent bonds in a square arrange ment. A complex with a magnetic moment of the spin only value for two unpaired electrons (2.83 Bohr magnetons) was identified as having ionic bonds in an octahedral arrangement; if the moment were substantially in excess of the spin only value, and somewhat reduced from that of the free ion value for bi-positive nickel in its ground term (3F), it was identified as ionic in a tetrahedral configuration. Classification along similar lines was possible also for complexes of bivalent cobalt and the criteria were success fully applied in many situations (98, 106) . Later work on the magnetic criterion itself, some of it by Nyholm and his collaborators (240) blurred many of the features of this simple scheme. It became clear that a variety of factors, such as the detailed nature of the bonds previously described simply as ionic, could affect the magnitude of the 'orbital contribution' by which the observed moment exceeded the value calculated for the electron spins alone. These later developments were reviewed (240) in 1968. In the course of this review, Nyholm commented on the use of magnetic measurements for the determination of stereochemistry and on the determination of the nature of the bond between metal and ligand which were the two areas of most im portance in the earlier uses of magnetic measurements for diagnostic purposes. On the first he said 'Two main methods are available for determin ing the stereochemical arrangement of ligands about a transition metal atom by paramagnetic measurements. One depends upon the determination of the number of unpaired electrons; the second upon the size of the orbital contribution to the magnetic moment. But much of the early confidence in the use of the number of unpaired electrons as a criterion of stereochemistry has long since evaporated. Taking as an example the d8 complexes of nickel(II), it was originally assumed that if spin free (two unpaired electrons), a nickel(II) complex would be either six coordinate and octahedral or, less likely, four coordinate and tetrahedral; if however it was diamagnetic, it was assumed that the complex would be four coordinate and square. How ever it has become clear during the last decade that a determination of the number of unpaired electrons provides, at best, a means of putting a complex into one of two classes. Thus complexes of nickel(II) which contain two unpaired electrons may be six-coordinate (octahedral), e.g., [Ni(NH3)6]2+, five-coordinate (square bipyramidal) e.g., [(Ph2M eA s0)4NiC104]C 104 or four-coordinate (tetrahedral) e.g., [NiCl4]2~. Diamagnetic complexes may be four-coordinate square planar (e.g., NiBr2.2Et3P), five-coordinate (square pyramidal) e.g., [Ni(CN)5]3_ or trigonal bipyramidal, e.g., also [Ni(CN)5]3-and six-coordinate (tetragonal) e.g., [Ni(Diarsine)2I 2].' On the determination of the nature of the bond, he commented 'Although Pauling did not in fact propose that magnetic measurements distinguished between purely 'ionic' and 'covalent' bonding it was frequently assumed 20 years ago that magnetic measurements did indeed enable one to do this. Thus [FeF6]3~ was regarded as 'ionic' and [Fe(CN)6]3-as 'covalent'. It is now recognized that spin pairing is simply an indication of the strength of the ligand field and except where spin-free/spin-paired temperature dependent equilibria are observed, a measurement of the paramagnetism can only distinguish a strong field from a weak one. It has become obvious that several different stereochemical arrangements frequently occur with the same number of unpaired electrons. Also, it is clear that many of the 'spin-only' magnetic moments arose by pure chance because many measurements at 300 K fortuitously happened to fall in the spin-only range. As has been pointed out, the susceptibility of, say, the [NiCl4]2~ ion is affected by eight or more parameters. Given this number of variables, even though some of these are fairly well known, it is possible to 'fit' almost any experimental curve of susceptibility against tem perature.' In spite of these rather firm reservations that now had to be placed on interpretations of magnetic measurements, it is worth noting that the use that Nyholm himself had made of them in the earlier years were for the most part correct. The reason was that his conclusions had been built on a combination of physical measurements, of which the magnetic susceptibility was only one. They were in fact a striking vindication of his principle that physical methods for the determination of structure and stereochemistry had to be considered together if the conclusions were to be relied upon.
C h em ic a l e d u c a tio n In his 1956 inaugural lecture (63, 76), to which, with characteristic panache, he gave the title 'The renaissance of inorganic chemistry', Nyholm 460 spoke of his concern for teaching in chemistry, at schools and in the uni versities. By implication he challenged the received opinion of the time that in universities the essence of good teaching was communication between students on the one hand and scholars active in research but untrained in teaching methods on the other. In schools the problem faced by teachers was to sustain intellectual vitality by contact with advancing knowledge. The framework of their professional lives was too often simply to continue to draw on the stock of their undergraduate knowledge and stimulus, and to put to their students a view of science unleavened by the excitement of a continuing process of discovery. When Nyholm had returned to London in 1955 this was already a topic for discussion in the Institute of Education and elsewhere. The problems were not new to him: he had already shown interest in science teaching in New South Wales, and was ready in the new setting to come forward with ideas. He helped to crystallize what had barely gone beyond debate over defects and difficulties into a programme of action, beginning with a move to enable a few science teachers each year to renew contact with university chemistry. In 1957 he organized the first of an annual series of Summer Schools, each of one week, at University College. The course included lectures given by members of the university staff on newer aspects of chemical theory and knowledge, and there were demonstrations of new equipment. The number coming to the Summer Schools was a small fraction of the total, but the evidence of a new interest in the teaching of science was felt much more widely. Moves to reform and modernize science syllabuses were also in the air. Major changes were proposed and published by the Science Teachers' Associations in 1961. Nyholm welcomed and supported these proposals for change coming from so significant a source and gave the developing movement towards reform an added momentum. Soon afterwards, and at least partly as the result of his influence, the Nuffield Foundation set up the Science Teaching Project and Nyholm, as first Chairman of the Chemistry Consultative Committee, saw through to its conclusion the development of the Nuffield O-level chemistry materials. Professor D. J. Millen was also closely associated with these de velopments and remarks that Nyholm's contribution to the Nuffield Science Teaching Project was not only through the Committees but also by way of constant guidance and advice to those responsible for the development of the Nuffield chemistry materials. At about the same time, as Moderator for the University of London G.C.E., O and A level examinations in chemistry, he was in a position to initiate change. A group of five expert advisers was set up to examine and report and as a result of their work there were profound changes both in the nature of the syllabuses and the form of the examinations. Professor Millen writes, *. . . Nyholm was always ready to accept invitations to talk at local meetings or to speak on particular issues (i.e., affecting teach ing). Whether a contribution was needed for a conference on science teaching in the primary schools or on the training of Ph.D.s, he would en deavour to meet it. As a result of his many educational activities, he became Biographical Memoirs widely known among chemistry teachers. He felt strongly that the status of teachers should be properly recognized. He always treated them as equals and the teachers loved him. While he was a constant stimulus to improve science education, he always emphasized that he was not qualified to suggest how new ideas could actually be implemented in the schools.' His concern for the role of the teacher was matched in a number of significant actions. He played a part in the introduction of six week training courses for teachers and was a strong advocate of longer retraining courses of the kind made possible from 1965 through the Shell Teachers' Fellowship at University College London, supported by the Shell International Petroleum Company. The scheme allowed a Teacher-Fellow to spend an academic year taking part in the work of the Chemistry Department and visiting industrial and other centres to see current work in applied chemistry. By 1972 nine Shell Teacher-Fellows had been appointed.
In the later years there were increasingly public occasions of lectures or conferences when non-technical subjects were appropriate. It was rare for him not to introduce some educational topic. In his lecture (216) on the occasion of the 200th anniversary of Dalton's birth, after recalling Dalton's own work as a teacher, he went on to point to weaknesses, as he saw them, at all stages of the educational process. Referring to a survey showing that in a sample of preparatory schools three hours were devoted to Latin for each hour devoted to science subjects, he said 'This can scarcely be called preparation for life in a modern community. Indeed, if a little less time were devoted to the translation of letters by Julius Caesar describing Britain 2000 years ago and a little more time was spent on teaching children how to describe (in simple modern English) the method whereby ethylene was converted into polythene in 1933 in the I.C .I. laboratories at Norwich, and to discussing the enormous social changes which have resulted from this discovery, then I believe that we should be training future leaders in this country to face the world of tomorrow far more effectively than we are at the present time.' Such skirmishes into the territory of general education were not argued at a theoretical level but had their effect through the novel and often striking way in which the conclusion was linked to the supporting facts. It was his style to employ the 'oversimplified statements that spur men on to action'. As in many fields, his main contributions were less in ideas and innovations and more in identifying and shaping trends and movements, which he then sought, by persuasion that few could resist, to have translated into policy. He played this part in the moves for the introduction of a new journal in Britain, Education in Chemistry. In science education his views were never radical but he believed in the need for change and he worked constantly to overcome the inertia of an established system of teaching method and syllabus appropriate to the science of 30 years before.
His approach to science teaching, as expressed in the Marchon Lecture (172) and his lecture in 1972 to the International Conference on Education in Chemistry (264), centred on the themes of teacher retraining, broadening into the retraining for scientists in general, and on change in course content and teaching method. Later, and partly in response to diminished employ ment opportunities for science graduates in the late 1960s, he began to emphasize education through chemistry as opposed to education in chemistry, turning in this way to concern for education in the classical sense of bringing out latent capabilities with science as the vehicle.
His last published work was in chemical education. Professor Millen writes 'Nyholm had a wide overall grasp of chemistry. He was a master of the general survey and could condense and bring order to the large areas of chemical knowledge. He was a strong advocate of an integrated approach to the teaching of chemistry particularly at introductory levels. He had been a contributing editor to a book which aims to present this kind of integrated approach to chemistry. The book, Chemistry: facts, patterns and principles (277) was in proof form when he was tragically killed and so sadly he never saw its publication.' 
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